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 With the rapid development of today’s communication technology, the need 
for a system capable to improve spectral efficiency, high data rates and at the 
same time can reduce inter-symbol interference (ISI) is necessary. 
Orthogonal Frequency Division Multiplexing (OFDM) meet all the 
requirements needed. However, the high peak to average power ratio (PAPR) 
has become its major obstacle. This paper is focusing on the development of 
Median Codeword Shift (MCS), which a new PAPR reduction technique 
with the capability to reduce the computational complexity of the system. 
This can be achieved through codeword structure alterization and bit position 
manipulation by utilizing the circulant shift process. The simulation results 
revealed that the proposed technique overwhelm conventional OFDM and 
SCS with 24% improvement and 0.5 dB gap from SCS. In fact, the proposed 
technique possess a lower computational complexity by reducing 16.67% of 
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1. INTRODUCTION  
As the time passed, the wireless communication system has rapidly evolved and faced many 
challenging demand in order to meet the requirement of current technology. Orthogonal Frequency Division 
Multiplexing (OFDM) is multicarrier modulation technique and is considered as fundamental technology for 
the wireless communication systems. Due to its unique features such as high data rate, high spectral 
efficiency, low computational complexity and the immunity to frequency selective fading, OFDM has 
become an ideal choice for modulation technique in order to meet the requirement for high bit rate 
transmission system for the past few years. Because of it superiority, OFDM has been adopted in many 
standard and application such as Wireless Local Area Network (WLAN), Digital Video Broadcasting (DVB), 
IEEE 802.16 Worldwide Interoperability for Microwave Access (WiMAX) and Long Term Evolution (LTE). 
However, this multicarrier modulation technique also experienced high peak to average power ratio (PAPR) 
which can compromise its system performance [1-5]. This is caused by the nature of the modulation in 
OFDM, where multiple subcarriers or sinusoid are added together to form the signal to be transmitted. 
These large peaks increase the probability of energy spilling to the adjacent channel, signal distortion in 
the power amplifier and error rate performance degradation due to the system constraint to a limited peak 
power of dynamic range in transmitter amplifiers [6, 7]. Thus, having a large power amplifier are required. 
However, by increasing the large power in amplifier not only reduces the power efficiency but also increase 
the amplifier cost significantly. In addition to the cost, the bad effects that mentions earlier are become 
the main barrier to the adaption of OFDM system in mobile wireless system. 
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Researchers have proposed many techniques to deal with these problems [1-3], so far two major 
methods have been identified as being potentially important: distortion method and distortion-less method. 
Clipping and filtering are the two technique that been categorized under distortion method. The fundamental 
of clipping technique is to limit the peak value of input signal to the predetermined value while filtering is to 
reduce out of band radiation. Clipping and filtering process need to be repeated because of some peak 
regrowth of the signal that may exceed threshold value of clipping [1]. These method is quite effective to 
improve PAPR performance relatively but the major drawback of this technique is it will compromise the bit 
error rate (BER) performance and will cause the reformation of undesirable spectrum to the adjacent 
channel [8]. On the other hand, distortion-less technique such as coding [9], partial transmit sequence 
(PTS) [10, 11], selective mapping (SLM) [12-14] and selective codeword shift (SCS) are capable to reduce 
the PAPR value and at the same time not affecting the BER performance. However, these techniques are still 
having limitations in terms of data rate loss, higher computational complexity, larger memory size and 
requirement of side information for data recovery process at the receiver [7, 13, 15]. 
In the literature, SCS method proposed in [7, 16, 17] have better PAPR performance and low 
computational complexity compared to other methods such as Data Position Permutation (DPP) and 
conventional SLM. SCS manage to reduce PAPR by implementing shifting process on codeword without 
altering the structure of the original codeword itself. This opens up opportunities to further improve this 
method by manipulating the structure of the codeword before the shifting process take place.  By doing so, 
more option can be made on how the bit position can be arrange in order to generate alternative codeword 
having a lower PAPR. The computational complexity of SCS method increases linearly as the number of 
shifting process increases which corresponds to the number of IFFT block used. Unfortunately, no research 
has been conducted to deal with SCS computational complexity issue without affecting its PAPR 
performance.  
In this paper, a new technique to generate scramble data sequences based on SCS scheme called 
Median Codeword Shift (MCS) is proposed as a solution to the PAPR problem in OFDM system. MCS 
scheme is focusing on the development of alternative codeword by altering the structure of the original 
codeword before the shifting process is done between the serial to parallel and digital modulator. 
The advantages of the propose technique are the improvement of PAPR performance and lower 
computational complexity of the system as compared to SCS technique. 
 
 
2. PAPR IN OFDM SYSTEM 
Figure 1 illustrates the block diagram of OFDM system to be used in the following evaluation. 
To initiate the creation process of OFDM signal, the discrete binary stream need to be converted into an 
information symbol through a serial-to-parallel conversion process. Then, the information symbol will be 
modulated using 64-QAM modulator. The Inverse Fast Fourier Transform (IFFT) is implemented on 
the modulated symbol to transform it into an OFDM signal. OFDM signal is the sum of many independent 
signals modulated onto subchannels of equal bandwidth. For OFDM system having 𝑁 number of subcarriers, 
the input data block of length 𝑁 can be represented as 𝑋 = [𝑋0, 𝑋1, … , 𝑋𝑁−1]
𝑇 where 𝑇 is the symbol 
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where 𝐸|𝑦(𝑡)|2 indicates the average power. The Complementary cumulative distribution function (CCDF) 
is parameter is used to evaluate the performance of PAPR by estimating the probability of PAPR symbol that 
exceeds the threshold level of 𝑃𝐴𝑃𝑅0. 
 





Figure 1. Block diagram of MCS technique at the transmitter in OFDM system 
 
 
3. PROPOSED MEDIAN CODEWORD SHIFT 
Data symbol 𝑌𝑘 is one of the element that plays a significant role to determine the PAPR. Basically, 
data symbol 𝑌𝑘 represents a sequence of sinusoidal waveform of duration 𝑇 and can be interpreted as: 
 
 tDY jk   (5)
 
 
where 𝐷 indicates the codeword while 𝜙𝑗(𝑡) is the M-ary QAM digital modulation. In this paper, a technique 
to generate a scramble data sequence using permutation of data (circulant shift) in frequency domain is 
proposed. The working principle of this technique is to manipulate the structure of the codeword and the bit 
position in order to produce a new alternative sequence. This new sequence differ from the original sequence 
because the arrangement of the codeword is altered. 
As shown in Figure 2, binary sequence codeword, 𝐷 is indicated as 𝐷 = [𝐷1, 𝐷2, … , 𝐷𝑑] where 𝑑 is 
the total number of input bits. After passing through the serial to parallel converter, these bits will be divided 
into several sub-block which can be denoted as 𝐷 = [𝐷1, 𝐷2, … , 𝐷𝐾] where 𝐾 = 𝑑 𝑚⁄  and 𝑚 is representing 
the number of sub-block and the number of bit per symbol respectively. The divided codeword in each sub-





Figure 2. MCS sub-blocks 
 
 
Et al shows the reconstruction of the codeword’s structure by dividing it into two parts, A and B. 
The alternative codeword, 𝐷𝑄 can be generated by circular rotation (one shift to the right) of the codeword 
for part A while part B remains in the idle state. After the shifting process in part A is completed, the process 
will be repeated for part B and this time around, part A will be in idle state. This process was applied to every 
sub-block of the codeword in Figure 1. 
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Et al. Structure of codeword for MCS method using 64-QAM 
 
 
The total number of shifting, ω for both part A and part B can be expressed as: 
 




Table 1 summarizes the position of bits after the shifting process is performed. Codeword 𝐷1,0 
represents the initial position of the codeword bits. Codeword 𝐷1,1 and 𝐷1,2 represent the bits positon after 
the shifting process of part A while 𝐷1,3 and 𝐷1,4 for part B. 
 
 
Table 1. Bit arrangement of codeword for MCS method using 64-QAM 
Sub-block Codeword bits, ,kD  Position of Shifted Bits 
Codeword, 0,1D  1D , 2D , 3D , 4D , 5D , 6D  
Codeword Shift 1, 1,1D  3D , 1D , 2D , 4D , 5D , 6D  
Codeword Shift 2, 2,1D  2D , 3D , 1D , 4D , 5D , 6D  
Codeword Shift 3, 3,1D  1D , 2D , 3D , 6D , 4D , 5D  
Codeword Shift 4, 4,1D  1D , 2D , 3D , 5D , 6D , 4D  
 
 
The shifted codeword sequences can be denoted as 𝐷𝑄 = [𝐷1 ⊗𝑄
𝜔, 𝐷2 ⊗𝑄
𝜔, … , 𝐷𝐾 ⊗𝑄
𝜔] and 
can be simplified as 𝐷𝑄 = [𝐷1,𝜔, 𝐷2,𝜔, … , 𝐷𝑘,𝜔] where 1 ≤ 𝑄 ≤ 𝑚. Therefore, the new alternative OFDM 

































Finally, the OFDM signal with lowest PAPR value will be selected to be transmitted. MCS 
technique requires side information to be transmitted along with the selected 𝑦𝑄 signal for the purpose of 
data recovery at the receiver side. 
 
 
4. RESULTS AND DISCUSSION 
Simulation was carried out in order to evaluate and verify the efficacy of MCS. The simulation 
results obtained in this research are based on the 3rd Generation Partnership Project Long Term Evolution 
(3GPP-LTE) standards [18]. The simulation parameters are summarized in Table 2. To plot the CCDF, 104 
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Table 2. Simulation parameters 
Parameter Value 
Bandwidth 1.25 MHz 
Sampling frequency 1.92 MHz 
Sampling time 5.208×10-7 second 
IFFT size 128 
Used subcarrier 76 
Modulation 64-QAM 
Guard interval 1/4 
Channel model AWGN 
 
 
The PAPR performance of conventional OFDM (denoted by original), SCS and MCS are shown in 
Figure 4. It is apparent that MCS managed to surpass the original signal and SCS. It is observed that MCS 
has improved the PAPR performance of up to 24% at 7.9 dB followed by the SCS which is 19.2% 
improvement at 8.4 dB. 
𝑌𝑘
𝑄
 (eq.8) plays a significant role in MCS since this method deals with alternative codeword to 
reduce the PAPR value. In order to generate alternative codeword, MCS needs to execute two major 
processes, the reconstruction of the codeword structure and circularly shift process. By altering the structure 
of the codeword, MCS managed to reduce the codeword distance by half (𝑑 = 1, 𝑑 = 2) in comparison to 
the SCS which is at a distance of (𝑑 = 5). This is in line with the work in [19], that is reducing the distance 
of the codeword can improve the performance of PAPR. 
The purpose of the shifting process in MCS is to generate alternative codeword so that the OFDM 
system can choose the OFDM symbol with the lowest power to be transmitted. In the conventional OFDM 
system, the system do not have the privilege to choose as it only generates one output. Therefore, by using 
MCS, the system can produce multiple output which can increases the probabilities of the system to obtain 
minimum PAPR with 24% improvement. 
Figure 5 shows that PAPR value of  SCS with 5 shifting process and having 6 IFFT block is much 
higher in comparison to the MCS with 4 shifting process and having 5 IFFT block. There was a 0.6 dB gap 
when both (SCS and MCS) were using the same number of IFFT block (IFFT block = 5). The results of this 
study indicated that MCS has reduced the use of IFFT blocks by 16.67%. These results reflect those finding 






Figure 4. Comparison of PAPR reduction 
performance 
 
Figure 5. PAPR performance comparison for 




In this paper, a new and efficient PAPR reduction method called MCS is proposed to solve the 
PAPR problem in OFDM system. The results have proven that MCS can achieved the objective with 24% 
improvement in minimizing the PAPR as compared to the original OFDM system. In addition, MCS 
managed to beat SCS in term of PAPR reduction performance with 4.8% improvement. Furthermore, MCS 
can also reduce the computational complexity by reducing the usage of IFFT block in the system. Further 
research needs to be carry out to evaluate the PAPR performance of MCS scheme in different modulation 
techniques for other applications. 
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